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Zebrafish as Our Model Organism
Zebrafish are freshwater fish that have become great model organisms in studying biological processes. They have been used to
understand the biological processes involved in developmental biology and human diseases. Zebrafish are especially valuable for
research since humans and zebrafish have many analogous genes. One characteristic of zebrafish that has become of interest, and can
be observed through genetic screening, is their ability to regenerate tissues after damage, including their retinal cells. In this lab, we
specifically use these model organisms to focus on eye development.

Why Study Regeneration Biology in Zebrafish?
Uncovering genetic pathways is important in understanding underlying mechanisms of many diseases. For example,
discovering how zebrafish regenerate their retina can provide insight into treatment options for retinal diseases in
humans. Finding these pathways, however, has been found to be a difficult task since it is hard to find the exact genes
that make up the genetic pathway. To help with this issue, researchers have come up with methods in which they study
mutants to find a non functioning gene. From there, researchers can determine what genes surround the non functioning
gene, and slowly piece together this unknown pathway. We studied ath5 mutants, which are suspected to lack the
regenerative abilities of wild type zebrafish; the specific gene is unknown. From our experiment, we hope to confirm the
suspected lack of regeneration in the retinal cells of the ath5 mutants, and from there try to piece together this unknown
pathway.

Light Damaging
In order to identify non-regenerative mutants, parent mutants of ath5
were bred to create homozygous recessive offspring. Within our lab, we
observed the parent mutants. To confirm that these ath5 mutants are
unable to regenerate their retinal cells, we created an apparatus in order
to expose the mutants to a high light intensity after being in the dark for
three days (Figure 1 and Figure 2). After being exposed to the high
light intensity for two days, the damaged retinas of the mutants were
then observed on a GFP microscope. The retinas were then examined
again on the GFP microscope 3 days into light treatment.
Figure 1: Apparatus made in order to light damage the
retinas of the ath5 mutants.

Figure 2: Drawing of apparatus made in order to light damage the retinas of the ath5 mutants. The 150
Watt halogen lights were used to damage the retinal cells of the fish, and the rest of the set up was used
to keep the conditions right for the fish.

GFP, or green fluorescent protein serves as a marker protein that glows under fluorescence microscopy. It can be attached to
another protein and fluoresce when that otherwise invisible protein is being expressed. We used GFP to see retinal regeneration.
If they are regenerating they should be brightly expressing GFP, and if not there should be no GFP glowing (Figure 2).
When we observed the light damaged eyes under the microscope 3 days into light treatment, the retinas appeared to be glowing in
all mutants. These results contradict our hypothesis, but more evidence is needed to prove the ath5 mutants aren’t regenerating.
Therefore, more experimentation was required…
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Figure 3: WT fish without GFP (a) is what we’d
expect for a retina that hasn’t been regenerating.
Ath5:mut retina (b) shows GFP activity which is
indicative of regeneration. Examined under
fluorescent microscope, October 22nd, 2020.

Taking a closer look...
We need to see regeneration occurring at
the cellular level. Therefore, we next froze
the eyes and cut them into thin slices in a
technique called cryosectioning.
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These slices can then be stained with
antibodies that show cell proliferation (aka
regeneration). If the ath5’s can’t regenerate,
we shouldn’t see cell proliferation and only
dead cells.

The eyes were surgically removed and put into formaldehyde solution for
perseveration. We then prepared the eyes for cryosectioning by embedding
them with TBS. They were then placed into the -80℃ freezer overnight to
ensure they were completely frozen.

Figure 4: Surgically removed eyes of the
ath5 mutants in 9:1 paraformaldehyde.

Cryosectioning
The retina of each set of eyes were sliced 16 µm thick then placed onto slides. Slides that
contained optic stalks were most important, because the retina stem cells are located near
here (where most regeneration would occur). These slides were then prepared for
antibody incubation.
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Figure 5: Cryosectioning of ath5 mutant
eyes under a confocal microscope. The
slices were 16 µm thick.

“Any tips on cryosectioning zebrafish heads?”,
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Antibody Incubation
Our slides then went through two antibody (Ab) incubations, one with a primary antibody and one with a secondary antibody. The
antibodies will “light up” under microscopy and will label specific aspects of the sectioned tissues. For example, we used the antibody will
label PCNA (proliferating cell nuclear antigen) which simply tells us whether or not cells are proliferating. The secondary antibody
(Hoescht dye), is to ensure the first is visible.

Confocal Slides
Are they damaged?: On the next slide, d shows an
undamaged photoreceptor layer that is thicker (~3
cells) than in a, b, and c (~1-2 cells). If this layer is
undamaged there is no need for it to regenerate,
therefore it is what we expected to see from ath5 if
they truly couldn’t regenerate.
Are they regenerating? In a, b, and c there are
extensions from the ganglion cell layer into the
plexiform cell layer. These extensions are the
muller glia becoming photoreceptors to replace the
ones that were destroyed during the light damaging.

“Figure One, structure of a retina”, Esther Gramage

Figure 8: Example of Muller
Glia extensions between the
ganglion and inner nuclear
layers. This is an indication of
regeneration.

Confocal Results
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Figure 6: Confocal images of the
cryosectioned ath5 eyes. The images
have been edited to appear brighter in
order to view the cells better.

Conclusions
GFP assay:

As we saw with our GFP markers under the fluorescence microscope, the ath5 mutants did show
sign of regeneration in their retinal cells. If the ath5 fish were in fact non-regenerating mutants, they
would have failed to express GFP (failed to glow green under fluorescence).

Immunohist
ochemistry:

In continuing our experiment to confirm the regeneration in the retinal cells of our mutants, we
examined the pictures of the cryosectioned slides. After examining these images, regeneration in our
ath5 mutants was confirmed.

Overall:

Regeneration is most certainly occurring in the retinal cells of our fish.
The ath5 line does not have a regeneration inhibiting mutation.
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